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EFFECTS OF ATROPINE UPON THE CHEMISTRY OF INFLAMMATION*
J. C. HOTJCK, PrnD.
The dermal chemistry of the response of the
connective tissue to local inflammation has
been shown previously to involve three major
changes with injury: 1) a marked loss of acid
polysaccharides; 2) a profound loss of insoluble
collagen; and 3) the appearance of large amounts
of sialic acid "poor" glycoproteins which were
synthesized by the necrotic wound and were not
derived from the circulation (1). Earlier studies
in this laboratory indicated that the quantitative
character of these changes was affected by the
degree of interchange between the wound and
the circulation (2) with the chemical changes
appropriate to inflammation and necrosis being
minimized by an increasing amount of micro-
circulation into the injured area.
With large amounts of atropine, the peripheral
circulation of the rat is known to be greatly
increased, and recent studies by Busch et al. (3)
have indicated that high doses of atropine will
inhibit protein synthesis. In the light of these
effects of atropine upon the whole animals, and
because of the histochemical studies of Tauben-
haus (4) indicating an inhibition of granulation
tissue formation with the administration of
autonomic system blocking agents, we have
studied the effects of atropine administration
upon the chemistry of inflammation. The results
of this study are presented below.
MATERIALS AND METHODS
Daily subcutaneous injections of either atro-
pine sulfate in 0.1 ml of 0.15M NaCl or of 0.1 ml of
O.15M NaCl alone were made into two groups of
42 male Sprague-Dawley rats weighing 250—275
grams each. The dose of atropine used was initially
5mg/kg and was increased by 1mg/kg every day
to overcome the well known ability of rats to
become refractory to this drug. After the first
dose of either atropine or saline alone, all animals
were injected intradermally with 50% croton oil
in a bland carrier (peanut oil) and groups of six
rats from both the control and atropinized popu-
lations were sacrificed 0,3,7,10,15,23 and 28 days
Supported in part by a Grant-in-Aid (A-3862)
from the P.H.S. Bethesda 14, Md.
* From the Biochemical Research Laboratory,
Children's Hospital, Washington 9, D. C. and
Department of Biochemistry, Georgetown Urn-
versity School of Medicine, Washington 7, D. C.
Received for publication May 29, 1962.
241
after injury. The character of this type of lesion
has been described previously (1).
The injured abdominal skin from each rat was
dissected free of hair, fascia and muscle and ali-
quotes of each wound were hydrolyzed in 10 ml/g
of 4N HC1 for 8} hours at 100°C. The remaining
wound tissues were pooled from each group of six
rats and were extracted sequentially in the cold
with 0.15M NaC1, 0.5M NaCl and 0.5M citrate
buffer (pH 3.6) to remove quantitatively the
ground substance, neutral and acid soluble col-
lagens respectively (5). These fractions were also
hydrolyzed in HCI. The hydrolysates from both
the individual whole wound tissue samples and the
pooled extracts were analyzed in triplicate for
their hydroxyproline, hexosamine and nitrogen
contents as has been described previously in this
journal (1, 6). These results were expressed in
terms of the mean concentration per gram of
wound tissue. The standard deviations of these
means never exceeded 7% of the mean and means
differing by more than 2 standard deviations
(14% of the mean) were significantly different
(p < .05). The hydroxyproline contents of the
sera from both the control and the atropinized
animals were also determined as previously
described (7).
RESULTS
Routine histochemical studies of both sets
of lesions confirmed the changes with eroton-oil
induced injury described earlier (1), and indi-
cated that apparently the atropinized wound
lost less Masson trichrome staining collagen
and gained considerably less P.A.S. staining
material than did the control injuries. Neither
sets of lesions demonstrated iron binding,
according to Mowry's modification of the Hale
technic, or Alcian blue staining material from 3
to 15 days after injury. The control animals
demonstrated large amounts of well developed
granulation tissue 23 days after injury, while
the atropinized wounds contained less granula-
tion tissue and more fibrous bundles of collagen
than did the control at this time.
The dermal nitrogen concentrations of the
wounded area of the control animals were not
significantly different from normal at any time
after injury, but 10 and 15 days after injury,
the nitrogen content of the atropinized wound
was significantly reduced below normal. These
values, as well as the hexosamine and hydroxy-
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proline contents of both sets of wounds are
compared in Table I with the values obtained
from previous studies (2) using topically trypsin
treated lesions produced by 50% croton oil. This
latter lesion has been demonstrated to involve
a considerable amount of drainage of the wound
contents into the circulation and leakage of the
serum into the wound because of the restoration
of the biological continuity of the wound via
the proteolytic destruction of fibrin-produced
microcirculatory insufficiency (1, 2, 8). These
wounds did not demonstrate any decrease in
dermal nitrogeD content with injury (2, 8).
The data from Table I suggests that the quan-
titative chemistries of the atropine treated
lesions were far more similar to those found in
the trypsin treated wounds than to those found
in the isolated lesions produced by the control
irritant. With atropinization, the wound did not
lose as much hydroxyproline (1zmole 1mg of
collagen) or gain as much hexosamine as did the
control lesion and, as previously mentioned, the
wound nitrogen losses associated with a 50%
decrease in dermal collagen were pronounced in
animals which had received this drug.
The Mmoles of ethanol insoluble hydroxy-
proline per ml. of serum from both atropinized
and control animals is compared with previously
published results (2) found in animals whose
wounds had been treated topically with trypsin
in Table II. These results suggested again that
with atropinization the exchange between
wound and circulation was profoundly increased.
The analysis of the isotonic saline soluble
components (ground substance) of both sets of
lesions is shown in Table III. These results
indicate that although there was a larger amount
of isotonic saline soluble hydroxyproline found
in the atropine treated wound than with the
control injury, the amounts of both hexosamine
and nitrogen soluble in this solvent were dra-
matically reduced with drug administration.
Further, the close correlation between the ground
substance hexosamine and nitrogen found in the
control lesion was not demonstrated with the
atropinized wound.
The analysis of the 0.5M NaCl soluble com-
ponents of both the control and the atropinized
wounds is shown in Table IV. The data in this
table indicates that more neutral soluble col-
lagen, and after 15 days more salt soluble nitro-
gen as well, remained in the wound with atropine
administration than in the control lesion.
The concentration of citrate soluble materials
found in both atropinized and control lesions is
shown in Table V. This data indicates that with
atropinization the wound contained much less
acid soluble hexosamine, and larger amounts of
soluble hydroxyproline and nitrogen than that
found initially in the control lesion. With wound
repair in the control animals (day 23), however,
the amount of acid soluble collagen increased
over that found in the atropine treated injury
which during this period had essentially returned
to normal.
Subtraction of the sum of the soluble com-
ponents from the total dermal concentrations
of hexosamine, nitrogen and hydroxyproline
TABLE I
The concentration of hexosamine (Hex; ,.smoles/g) hydroxyprotine (Hypro; /2moles/g) and nitrogen (N;
mmoies/g) in local dermal wounds produced by 50% croton oil in control, try psin treated or
atropinized rats
Days after
injury
0
Trypsin treated Atropine Control
Hex
11.1
Hypro Hex Hypro N Hex Hypro
210 11.1 240 5.1 11.1 240
3 168* 13.3* 244 5.3 26.0* 62*
7 15.0* 150* 20.2* 154* 4.6 397* 56*
10 14.0 153* 23.8* 146* 3.8* 32.0* 83*
15 20.0 140* 15.6* 131* 3.8* 35 6* 73*
23 12 0 152 13.1 215 5.5 11.7 140*
28 — — 11.7 244 5.6 11.0 205*
* Significantly different from day 0 (p < .05)
Italicized means are significantly different from the control values for t.he same day (p < .05)
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TABLE II
The hydroxyproline concentration p.moles/rnl) of
the sera of control try psin treated and atropinized
rats which have been injured with 50% croton oil
Days
after
injury Trypsin treated
.Atropine Control
0 0.38 .02 0.36 .02 0.36 .02
3 — 0.40 .02 0.40 .02
7 1.00 .07* 1.06 .05*0.40 .02
10 0.80 .06* 0.88 .03* 0.40 .02
15 0.68 .05* 0.84 .02* 0.40 .02
23 0.42 .02 0.40 .02 0.40 .02
28 — 0.38 .02 0.40 .02
* Significantly different from day 0 (p < .05)
Italicized means are significantly different from
the control values for the same day (p < .05)
permitted a determination of the composition of
the insoluble residue of the wound to be made
(1, 2, 5). These results are presented in Table VI,
and indicate that with atropine, the wounds were
almost healed 23 days after injury, whereas the
control lesions remained still unhealed. With
atropine administration, little insoluble non-
collagenous protein was found in the wound,
while the control lesion contained far more
insoluble nitrogen than could be explained on
the basis of insoluble collagen alone 23 and 28
days after injury (1). Further, the loss of insolu-
ble collagen from the wound was delayed with
atropine administration, and was always less
marked than the decreases demonstrated in the
control lesion. Finally, unlike the control wounds,
atropinized wounds contained super-normal
amounts of insoluble hexosamine.
TABLE III
The hexosamine (Hex; motes/g), hydroxyproline (Hypro; ,.rrnoles/g) and nitrogen (N; mmoles/g) content
of the 0.15M NaC1 extract of wounds in control and atropinized rats
Days after
injury
Control Atropine
Hex Hypro N Hex Hypro N
0
3
7
10
15
23
28
5.1
15.3k
24.P
25.3*
29.0*
5.7
5.5
4.7
4.8
4.8
4.5
95*
3.5
4.0
0.85
2.60*
3,40*
3.40*
3,61*
1.1
0.90
5.1
5.6
11.5*
12.4*
5.7
5.2
5.4
4.7
11.8*
15.4*
14.8*
18.0*
9,0*
10,6*
0.85
1.05*
1.16*
0.46*
0.55*
0.82
0.82
* Significantly different from day 0 (p < .05)
Italicized means are significantly different from the control values for that day (p < .05)
TABLE IV
The hexosamine (Hex; /2moles/g) , hydroxyproline (Hypro; ,2moles/g) and nitrogen (N; rnrnoles/g) content
of 0.5M NaC1 extracts of wounds in control and airopnized rats
Days after
injury
0
Control Atropine
Hex Hypro N Hex Hypro N
2.9 19.5 0.78 2.9 19.5 0.78
3 4.2 5.0 0.88* 3.3 8.4* 0.60*
7 3.3 3.5 0.98* 4.6* 94* 0.61*
10 3.6 4.5 0.82 4,2* 10.6* 0.80
15 4.5 9.5 0.80 3.6* 13.6* 1.14*
23 2.8 5.5 0.80 2.5* 7.8* 1.16*
28 2.9 8.0 0.75 2.7 7.8* 1.08*
* Significantly different from day 0 (p < .05)
Italicized means are significantly different from the control values for that day (p < .05)
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TABLE V
The hexosamine (Hex; noles/g), hydroxyproline (Hypro; anoles/g) and nitrogen (N; mmoles/g) content
of the 0.5M citrate buffer extracts of wounds in control and atropinized rats
Days after
injury
Control Atropine
Hex Hypro N Hex Hypro N
0
3
7
10
15
23
28
0
33*
2.5*
30*
2.1*
1.5*
0.0
8.8
8.0
7.3
6.3*
10.0*
30.1*
21.0*
0.48
0.80*
0.71*
0.75*
Q73*
0.80*
0.78*
0
0
0
0
0
0
0
8.8
12.0*
J44*
16.8*
18.0*
9.6
9.6
0.48
1.90*
1.23*
1.10*
1.10*
1.02*
0.82*
* Significantly different from day 0 (p < .05)
Italicized means are significantly different from the control values for that day (p < .05)
TABLE VI
The hexosamine (Hex; pmoles/g), hydroxyproline
(Hypro; ,.ernoles/g) and nitrogen (N; rnino1es/)
content of the insoluble portion of wounds in
control and atropinized rats
Days Control Atropine
after
injury Hex Hypro N Hex Hypro N
0 3.1 207 3.0 3.1 207 3.0
3 1 45* 0.70* 44* 212 2.8
7 1 40* 0.62* 4.1* 115* 1.6*
10 1 68* 0.78* 7.2* 104* 1.4*
15 1 43* 0.59* 6.3* 81* 1.1*
23 3.4 100* 2.5 54* 189 2.5
28 3.0 172 2.6 3.6 216 2.9
* Significantly different from day 0 (p < .05)
Italicized means are significantly different from
the control vatues for that day (p < .05)
DISCUSSION
Taubenhaus et al. (4) found that Banthine
treated wounds were morphologically less pro-
found and that the treated lesion demonstrated
considerably less of an increase in P.A.S. staining
material than the untreated control. Chemically,
we have found that the dermal chemical changes
appropriate to inflammation were greatly
minimized with atropine administration. Specifi-
cally the concentrations of hydroxyproline arid
the amount of hexosamine found in the atropin-
ized lesion were considerably less than those
found in the control animals, and the chemistry
of atropine treated inflammation was quanti-
tatively more similar to the analytical results
found with topical trypsin treatment than to
the control. Both Tables I and II suggest that
one effect of atropine is to translate an "isolated"
lesion into an 'open" one by minimizing the
microeirculatory insufficiency usually produced
by thrombii in the peripheral circulation of the
wound (1, 2). In the light of the previously
demonstrated importance of the microcircula-
tion to the chemical character of an experimental
lesion (1, 2), the data from Tables I and II
suggest that atropine administration either
decreased normal thrombus formation in the
microcirculatory system of the connective tissue
or, by increasing peripheral blood flow, removed
these occluding fibrin clots via a "flushing"
effect of the circulation. Either way, it is apparent
that the degree of injury is markedly reduced
and the rate of healing is considerably accelerated
with atropinization of the host animal.
The accumulation of isotonic saline soluble
glycoproteins (1) in the wounds of atropinized
animals was profoundiy reduced, as judged
from the decreased amounts of both total and
isotonic saline soluble hexosamine and nitrogen
found in the lesions of these animals. Previous
work has indicated that these changes resulted
from the accumulation of glycoproteins syn-
thesized by the lesion itself (1). Either the rate
of this synthesis was reduced with atropine, as
suggested by the finding of Busch et al. (3) of
decreased rates of protein synthesis in the
presence of atropine, and/or the glycoproteins
were being produced normally, but rapidly
drained away from the wound by way of the
lymphatics into the circulation and hence were
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lost to analysis. In view of the similarity of the
chemical anlayses of both tryptinized and
atropinized wounds, the latter explanation would
seem possible. Certainly it appears reasonable
that if the removal of necrotizing agents such
as cathepsins and other wound products from
the injury via drainage into the circulation can
be invoked to explain the effects of trypsin (2)
Bridase (1) or atropine in minimizing dermal
chemical changes with local injury, a similar
explanation would be appropriate to explain
the decreased glycoprotein content of the atropin-
ized wound. However, the unique decrease in
the total dermal nitrogen content of the wound
in the atropinized, but not the trypsin treated
animal, is difficult to explain without suggesting
that the synthesis of glycoproteins had been
inhibited by large amounts of atropine. Probably
some combination of both increased wound
drainage and the inhibition of glycoprotein
synthesis occurs in the atropinized animal to
produce the data reported in this paper.
Finally, the delay in the loss of dermal collagen
from the wound found in the atropinized rat
might also be explained by reference to a
decreased rate of synthesis of the dermal co]la-
genolytic enzymes which must be involved in
the formation of necrotic lesions (1, 2, 8).
SUMMARY
Atropine inhibits the extent of the chemical
changes appropriate to local dermal inflamma-
tion and necrosis, presumably by eliminating
the microcirculatory insufficiency of the wound
produced via thrombus blockade. Superimposed
upon this ability of atropine to restore the bio-
logical continuity of the wound tissue was an
apparent inhibition of the rate of glycoprotein
synthesis, and possibly the rate of production of
various necrotizing proteolytic enzymes as well,
by the injured tissue itself. These effects of
atropine upon the wound resulted in a less pro-
found lesion which was more rapidly healed
than similar injuries produced in untreated
control animals.
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